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ABSTRACT 

On April  28, 1980, TIROS I obtained  pictures of an exceedingly  sharp-edged cloud deck  over  the Pacific  Ocean 
west of Chile, of cirrus  associated  with  the  jet  stream  on  the  west  coast of South America, and of a mature cyclone 
in  the  central  South At,lantic-.  Surface, upper-air,  and cross swtiorl  analyses are prrsent,rd and compared wit,h  pic- 
tured cloud  feat,ures. 

Because of the wide  spacing of the data, the lucat,ions of douhlc. jet  strea1us had t o  be drducrd  by cxanlirling 
the  horizontal ternperat,urc. gradients  associated  with Sor thr rn  Hrtnispherc: jets and assunling  t,hatJ  the same; geueral 
relation  holds  in the  Southrrn  Hemisphere. 

An operational  surface  unalysis is shown to  be inconsistellt  with thc. pictured data i n  Ihr oceanic  region whwr 
t,hc analysis was based  on  a  single  ship  report. A ~nodificat~ion of the  analysis is suggested to illustrate  the  potential 
of meteorological  satellite  dat,a  in  dat>a-sparse  regions. 

1. INTRODUCTION 

TIROS I, the meteorological  satellite  launched OII 

April 1, 1960, photograplrrd  interesting  cloud  patterns 
over many  parts of the  earth.  From  about  mid-April 
until  early M a s  1960 its camera orientation  changed  in 
such a manner  that pict,ures of the  Sout'hern  Hemisphere 
were obtained. Near the end of April some unusually 
interesting  pictures  showed wlmt appeared  to be cirrus 
clouds streaming off the  rnstern  coast of Argentina. 
Cirrus patterns have been studied  in  relation to the  jet 
stream  in  the Northern Hemisphere so thesc  pictures 
provided an  attractive cttsc for c*ornparison. In addition 
to the  cirrus  clouds were a sharp-cxlgetl cloud t1ec.k ofl 
the Pacific coast of South Rrr1eric.a :tnd thc c-1wssic.d spiral 
cloud pat~t~ern of a cyclone  in  thc At1:mtic east of South 
Anlerica. I n  order t o  rs:urlinr t h e  stlvwal i n  tercst i r~g  
features o f  t>his seqwtwe, upp t~ - :~ i r  R I I ~   surf>^(^(^ ohscrvti- 
tiorls w7crt. obtainctl for :L conlp:wisorr h c t w w r r  t l r c  
standard  rnc~t~eoro1o~ic~:ll d a t t t  : r n d  t h o  picturc dat:t .  

The  Director of t h c  Argch1rtin:l Scrvicio XI(.tc~or.ologic.o 
kindly furnishrtl plotted ;rnd : ~ t r t ~ I y z ~ I  maps fro111 t h r i r  
files along with sotnc tabulatetl uppcr-air  data. A11 
observations so collected h v r  1)ec.n plottrtl :Lr d rc- 
analyzed.  There is 1itt)le difference  between  t'hc  conrmon 
features of t'he  upper-air  analysis  furnished by the Argen- 
tina  Meteorological  Service  and that  shown here-the 
changes are mainly  details  added  by  incorporating  the 
results of the  cross-section  analysis. 

Two versions of the  surface  analysis are showw  -the 
first is a copy of the  operational  analysis  made by thcl 
Argentinian  meteorologists  (the  oceanic  portion of which 
is done on the basis of a single  ship  report),  the second is 
modified on  the  basis of picture  data.  The  purpose of 



FIGURE 1.-TIROS picture toward t h c i  wc'st  from above Argrntirla. Superirnposcd hrokrlr l i x l w  are inran strcarnlines for 700-500-mb. 
layer;  doubled broken line is jet stream axis. 1600 GMT, April 28, 1960. 

3. METEOROLOGICAL ANALYSIS 
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to 200 miles from the  jet axis. In  both  autumn  and win- 
ter  the  gradient of 2.0' C.  per 60 n. mi.  exists  no  more 
than 150 to 200 n.  mi. from t#he jet, axis and it is this  fact 
that will be applied to  the  situatiorl  under  investigation 
here. 

Figure  9 is the  space cross  section  for 1200 GMT April 
28, 1960. The  line of this  section is shown on the 300- 
rnb. map, figure 10,  running  from Puert'o Montt, Chile 
(41.5' S., 72.8' W.), through  Stanley,  Falkland  Islands 
(51.7OS., 57.9'W.), to  the NtLval Observatory  at  Orcadas, 
South  Orkney  hlands (60.7' s., 44.7' w.). 'h? sect,ion 
is plotted wit'h st'andard radiosonde and wind data. In 

addit'ion the  potential  temperatures  and  potential  tern- 
perature  gradients  are  shown.  The  latter were computed 
by combining  the  thermal  wind  equation  with  equation 
(1) to give, 

where j is the Coriolis parameter, y is the  acceleration of 
gravity, and Ac/Az is the vert'ical  wind shear. 
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FIGURE 4,"TIROS picture  showing  transition  area  between  high  and low  pressure  areas  in  South  Atlantic. 1600 GMT, April 28, 1960. . 

The  vertical  wind  shear  was  comput'ed  for  each  at'mos- 
pheric layer  reported  and  the  &gradient was computed 
from equation (2) and  plotted  on  the cross section  in t8hc 
same  units as t'hose  used in figure 8. 

Since the cross sect'ion is not  strict'ly  along  the  gradients 
or normal  to  the  mean  motion,  and  because of t'he probable 
existence of ageostrophic  wind  components,  absolute con- 
sistency  cannot be expecked between the slope of the 
isent'ropes  and  t'he  plotted  gradient's.  Especially at   the 
northern  end of the  section  the  shear  vector  and  wind  are 

not  normal to the  plane of t'he  sect'ion. The  analyzed 
slopes of the  isentropes were made  consistent  with  smaller 
values of A0jAn (approximat'ely 60 percent of the  plotted 
values)  in figure 9a. 

In  particular,  shear  in  the  layer 300 to 250 mb. over 
Puerto  Montt implies a very  large  temperature  gradient, * 

~~ ~ 

11. mi.  hints a t  an error in t h o  wind roport a t  300 mh., but oven if the  two values are aver- 
*Tho gradient o f  3.4' C. per 60 n.  mi. immediately above a gradient of 0.5' C. per GO 

aged, tho n~can  valuc of 2.0 for tho layer 400 to 250 mb. is good evidence for the implication 
made here. 
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FIGURE 5,"TIItOS picture showing curved cloud pattern at edge of cyclone ill South Atlantic. lGOO GVT, April 25, l!)W. 



JULY 1961 MONTHLY WEATHER  REVIEW 235 

Figure 10 is  t'he  300-mb.  analysis for 1200 UMT April 25, 
1960 on which the location of both  jet axes is shown. 
Reference t'o the cross section will show t'luht 300 mb. is 
not the level of maximum winds, but the general flow 
pttt,tern for both  jet,  ases is accurat~cly  represented by this 
level. 

The closed Low was placed here hectbuse such a Low is 
B frequent feature ol the  upper flow when a double  jet 
st,ream appears on Sorthern  Hemisphere  maps.  The 
70". wind a t  Ruenos hircs, 35' S., 59' W . ,  lent credence 

695485-61-4 

t o   t hc  csistenc-e of this  nort8hern  jet  asis, :tnd t'he  presence 
of the  c~losctl Low t ~ t  this t'ime W I L S  vtLliCltLt~cd  w-llcn it moved 
over t h t ,  station 24 hours later, producing a wind of 10 
k t .  from t'llc sout,hwest. 

Figure 11 shows  three sourldillgs plotted  with  radiosonde 
( lata also used on the cross sections. Bot'll of the  sound- 
ings over t'he  Atlantic  (Stanley and Orcadas) show rela- 
tively  high  moisture content' t'o mid-troposphere, while 
the upper  air over Puerto Montt. is cxt'remely dry and 
shows  evidence of subsidence  down to t,he 800-mh. level. 
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FIGURE 7.--?;ephanal?;sis of clouds  visible in TIROS pictures show11 in figures 1-6. Broken outlines represrnt picturc  boundaries  labeled 
with  figurcs t o  which they refer. 

4. COMPARISON OF ANALYSES WITH PICTURE  DATA 
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FIG[-RE 8.--Potcnt~ial temperature gradients ("C. per 60 n. mi.) 
for ?;orthcrn Hemisphere.  Doubled  broken  line shows 
position of rnnximutn gradient. (a) For 12 minter cases, (b) 
for 4 autumn cases;  abscissa  labeled  in  degrees of lat,itudc  north 
nnd south of jet nsis. 

5. MODIFICATION O F  SURFACE  ANALYSIS  WITH 
PICTURE  DATA 

('omprison of t8he  nepharldysis, figure 7, wit'll t'he 
surface analysis, figure 12, shows t811nt the low  pressure 
area a t  41" W .  corresponds to  t,he area covered with 
scattered to  :L few cumuliform  clouds.  While  t'he Argen- 
tine  analysis docs not extend to 17" ITT., it does not seem 
reasorlnble that, cyclones  existed a t  both 41 W. and 17" W., 
with  one showing t,lw c1:lssicd cyclonic spiral  ptrtt'ern and 
the  other  largdy cloud-free. l'hc surfwe cyclone was 
untloubtetlly pltlcetl as shown in figure 12 on the basis of 
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b DISTANCE SCALE IN UNITS OF 60 NAUTICAL  MILES 

FIGURE 9.-Space cross sections for 1200 G M T ,  April 28, 1960; (a) showing  ismtropes (solid  lines) and isoplet,hs of Al?/An ("C. per 60 n. mi., 
broken lines), and  (b)  showing  axes of minimum  and  maximum  temperature  gradient  (stippled lines) and  isotachs  (solid lincs). 
Large "J" indicates  best  estimate of jet, core location. 
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FIGURE 10.--300-rnt~. chart for 1200 OMT, April 28, 1 9 C O .  - 

f t  
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the single ship  report at 47' S., 45' W. In the itbsenco of 
any other  datu  thc  position of the Low seems ent,irely 
reasonable, but  with  t8he  addition of picture  dat'n, the ship 
pressure  appears qucst8ionrLblc. Oncc doubt is t,hrown on 
thc  report,  the xnulyst must decide  whether t'he cloud 
type and wind  speed  are  consist'ent  with a deep Low so 
nearby. It appeared to  t,his  writw, in light of t>bc  pic-turc 
data, that  the ship  pressure, arld perhaps  even t'lw w i n d  
observation, or else the ship  posit'ion, were in  error. 'Yhc 
picture d a h  were t,llereforc used RS 21 basis to  rcnnnlyze 

First, the ridge line that lies on the east' coast' at 60" W. 
\VIIS cstended into t,hc zonc of scattered  cumuliform  clouds 
t L t  50' S., 45' FY. Second, un occluded  cyclonc (fig. 6) 
was located at, 45' S., 17" 171. That this  cyclone wasin the 
mature is inferred from the lsct that the  dry (cold) 
;lir h:Ld tLpptLrerltly circulated  completely  around the 
north  (cyuut80rial)  side of the center  and  was  producing IL 
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scattered to  cloudless  projection  toward  the  center from 
the  northeast'. 

Third, fog and  stratus down to 52' S. along t,he wc.st 
coast of South  America indicrtt,e 110 l'ront or cyclorlc i n  
that  immediate  vicinity,  but  the  sharp  line  mrdtirlg  the 
edge of the  stable  air  implies it is a line  bet'ween air masses 
of significantly  different  trajectory, a ~ l d  for that  ret~son 
t'he pressure pattern  southwest of South  America  is sug- 
gested. This portion of the  analysis is of course com- 
pletely outside  any  meteorological  or  picture dat'a avtda1)le 
at  this  writing  and is t'hus litJtjle more thrLn speculation. 

The  cyclonc  in the  At,lmt#ic is, however,  located  with R 

high dqyee  ol confidence as is t'he  ridge  line  cxt'ending 
sout,heastw-:lrd I'rorn the continent. 

6. CONCLUSIONS 

This case study illust8ratc)s: 
( I )  The cloud patterns  associated  wit'h cyclones and 

Ironts are of a sufficient scale and simplicity to erlablo 
met,eorologists  to  extract  nlucll  valuable  diagnostic data 
from  satellite  pictures. 
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